The total area of the Arab Region is about 14?2 million km 2 , 90% of it lies within arid, semi-arid and dry sub-humid areas. The area is characterized by harsh environment, fragile ecosystems and limited water resources and arable lands. Throughout its long history these lands were the main source of grain and animal production.
Introduction
Desertification, as defined in Chapter 12 of 'Agenda 21' and in the International Convention on Desertification, is 'the degradation of land in arid, semi-arid and subhumid dry areas caused by climatic changes and human activities'. It is accompanied by the reduction in the natural potential of the land, the depletion of surface and ground-water resources and has negative repercussions on the living conditions and the economic development of the people affected by it. On the other hand, 'land degradation' means reduction or loss, in arid, semi-arid and dry sub-humid areas, of the biological or economic productivity and complexity of rain-fed cropland, irrigated cropland, or range, pasture, forest and woodlands resulting from land uses or from a process or combination of processes, including processes arising from human activities and habitation patterns (UNCCD, 1992) .
Desertification is a worldwide phenomenon, affecting about one-fifth of the world population, 70% of all drylands (3?6 billion ha) and one-quarter of the total land area of the world (Tolba et al., 1992) . The vulnerability of land to desertification is mainly due to climate, state of the soil, water, and natural vegetation, and the ways in which these resources are used. Vulnerability varies widely depending on the way in which the natural resources are used by human communities and their livestock. Globally, every year an additional 200,000 km 2 of productive lands F an area larger than Senegal F is reduced by desertification to the point of yielding nothing.
The following sections provide a synthesis and analysis of the problems of desertification, identify the major causes and trends of land degradation, and highlight the limitations and constraints that hinder combating desertification in the Arab Region.
Current status of desertification in the Arab Region
The Arab Region covers an area of 14?2 million km 2 or about 10?2% of the world extending from Iraq in the north to Somalia in the south and from Mauritania in the west to Oman in the east. It extends between longitudes of 171 and 601 east and between latitudes of 1130 and 37 0 30 north. Such an area with wide latitudinal differences has different environmental conditions in its various parts. Extremely arid, arid, semi-arid and dry sub-humid areas cover about 90% of the Arab Region. These are characterized by great variability in both seasonal and annual precipitation, which is the most important climatic feature of the dryland ecosystems. Unreliable rainfall and unfertile soils make the major land uses, agriculture, forestry and range management, marginal on any given site in any of the countries of the Region. About 52% of the area receives an average annual rainfall of less than 100 mm, while 15% receives 100-300 mm, and 18% receives more than 300 mm (Table 1) . This amount increases to reach 1500 mm of rainfall in parts of the region, e.g., highlands of Lebanon, Syria, North Africa and along the coastal areas and southern Sudan.
Total rainwater amounts to 0?04 billion m 3 yr À1 (Bcm yr
À1
) in Bahrain and reaches 1169?8 in Sudan, totaling 2545?5 Bcm yr À1 in the region (ACSAD, 1996) . However, most of this water is lost by evaporation and uncontrolled runoff. The highest losses occur in the desert and semi-desert zones which represent 82% of the area receiving less than 300 mm annual rainfall or 42?7% of the rainwater (Table 1) .
Historically, there has been a long and well-established relationship between the desert's marginal resources and the population of the region. These lands were the main source for cereal and animal production. Communities in the Arab Region have throughout the recorded history (last 12,000 years) developed indigenous tools, technologies and regulations to protect and improve their land and water resources. Their efforts kept a balanced and sustainable use of these resources to meet their needs for food and feed. However, when the demand on land and water resources exceeded their carrying capacities, land degradation has become an increasingly limiting factor to land's productivity. The effects of desertification were and still are amplified, as these fragile eco-systems are at-or near-their limits of resilience (Batanouny, 1998) .
Despite the severity of the problem, statistics on recent trends and the extent of desertification in the Arab Region are poor. There are, however, some good information on particular sites in some countries of the region. Table 2 displays a matrix of critical issues leading to desertification in the Arab Region while the major driving forces causing desertification in the Arab Region, their impacts and manifestations are summerized in Fig. 1 .
Although modernization of observation facilities using satellite imagery and computers to analyse data are widely used at present, there are still many uncertainties at the global, regional and national levels on the causes, the extent and the seriousness of desertification. These uncertainties make it difficult to plan properly. They also introduce constraints on the operation of early warning systems with regard to drought, agricultural production and disasters, such as grasshopper infestations. The most recent synthesis of relevant data and material of the status of desertification in the Arab Region are those identified in the extensive study published by the Arab League (CAMRE) and UNEP and prepared by ACSAD (CAMRE/UNEP/ACSAD, 1996). However, most of the available information about desertification in the Arab Region are not quantitative.
Available information indicates that most of the land resources in the Arab Region are either desertified or vulnerable to desertification (Table 3) , thus affecting food security and development in the region. In total, 88?4% of the total area is desertified or vulnerable to desertification (Shakhatra, 1987) . Recently, Abdelgawad (1997) estimated the total areas desertified and vulnerable to desertification as 9?84 million km 2 or about 86?7% of the total area of the Arab Region.
The main forms of desertification prevailing in the Arab Region are:
(1) Wind erosion: This is considered the most common environmental problem in the Arab Region leading to F Loss by removal of the fertile top soils. F Encroachment and accumulation of sands on productive rangelands and agricultural land, urban areas and civil construction (infrastructure). Source: Shakhatra (1987) . The figures in this table are in line with the estimates of ACSAD in 1996 for some Arab countries and reported by Abdelgawad (1997) . *The authors believe that those countries still have some productive areas of rangelands, but their is lack of recent figures on national levels. The total area affected by wind erosion in the Arab Region was estimated at 161?3 million ha (FAO, 1992) ranging from 50 million ha in Saudi Arabia to 191,000 ha in Qatar (Table 4 ). This area is increasing gradually because of cultivation of marginal lands and movement of sand dune towards agricultural and rangelands (Harahash & Tateishi, 2000) .
(2) Water erosion: This process leads to F Loss by removal of fertile top soils. F Accumulation of eroded material behind dams (siltation) in irrigation networks and on productive rangelands and agricultural lands.
The affected areas in the Arab Region were estimated by FAO (1992) to be around 43?6 million ha. The amount of eroded soil material reaches high levels, e.g., 2000 ton km À2 yr À1 (20 ton ha yr À1 ) in Morocco and 4-9 million ton yr À1 in Tunisia. In Yemen, the area affected by water erosion was about 5?5 million ha in 1992 (Table 4) Source: FAO (1992) . Inventory and assessment of land resources for Near East and Africa Region, paper for the 11th session of the Regional Commission on land and water use in the Near East, Tunis, Tunisia, 7-11 September.
F Increased water consumption for leaching excess salts putting additional pressure on the limited water resources.
Salinization and/or waterlogging affect large irrigated areas in the Arab Region. Fifty percent of the reclaimed lands in the Euphrates plain in Iraq and Syria were seriously affected by salinization and water logging, and about 54% of the cultivated area in Saudi Arabia suffer from moderate salinization (CAMRE/UNEP/ACSAD, 1996). In Egypt 93% of the cultivated lands are affected by salinization and water logging. Yield reduction due to salinization and/or waterlogging amounts to 25% in Egypt and complete loss of productivity and abandond agricultural activities in several countries (Abdelgawad, 1997) .
(4) Loss of Nutrients: Decline of soil fertility and productivity due to present policies of agricultural intensification and poor management practices. (5) Soil and water pollution:
F Increased soil and water pollution with agricultural chemicals caused by inappropriate soil management and extensive use of fertilizers and pesticides in irrigated areas. F Accumulation of pollutants on the soil surface layer of agricultural areas close to industrial complexes. F Accumulation of polluting materials in both land and water resources due to hostilities (wars) in the region during the last five decades.
Governments have taken several steps to restore ecological balance in the rangelands (ACSAD, 1997). However, most of these plans have failed to produce significant results. Rangelands continue to deteriorate mainly due to fragility of ecosystems and the size of the grazing stock which far exceeds the carrying capacity of the land (UNEP, 1999).
Driving forces of desertification in the Arab Region
The complexity of the causes of desertification and the diversity of its effects make it difficult to evaluate accurately its magnitude. Estimates of the areas lost to or threatened by desertification are a matter of controversy because of the complexity and variety of the forms of desertification, and also due to the different notions of irreversibility in terms of the time-scales considered. An attempt to present the interrelations between the major driving forces for desertification in the Arab Region and their impacts is illustrated in Fig. 1 .
One could identify the following major causes for desertification in the Arab Region Population growth and urbanization
The increase in the population in the Arab Region from about 77 million in 1950 to about 288 million in 2000 (Table 5 , Fig. 2 ) with the largest growth rate worldwide of about 3% during the period (UNEP, 1992 has put considerable pressure on limited land and water resources of the region. This along with the changing life styles and consumption patterns, and the increasing food demand combined with the aridity of the environment have hastened the rate of land degradation. Population growth and other demographic changes have led to losses of land to urbanization and the diminishing of per capita share of cultivated land in most of the countries of the Arab Region (Fig. 1) . Land misuse and degradation are widespread and is proceeding at accelerated rates prompted by the ever increasing demand for food. The failure of resource management policies is aggravated by overgrazing, overexploitation and overcultivation of marginal lands, deforestation, and improper technologies employed.
The Arab Region has a relatively high urban population. At present, more than 56% of the total population live in urban areas (Table 6, Fig. 3 ). This figure was much less than that four decades ago, where only 23?7% of the population in 1950 were urban. Urbanization has increased since then and it is predicted to increase to 62%, 66?8% and 70?9% in the years 2010, 2020 and 2030, respectively (UNEP, 1997). The figures for West Asia sub-region are even higher. In 1995, the urban population was as high as 69?4% (UNEP, 1999) . In some countries of the region nearly the whole population is urban (e.g. Kuwait, 97%; Bahrain 90%; Saudi Arabia 83% and UAE, 84%).
Urban areas consume natural resources from both near and distant sources. Cities encroach onto agricultural lands, where the urban fringes and peripheries grow faster than the cities and spontaneous or squatter settlements do it even faster. This uncontrolled growth lead to rapidly increasing amounts of wastes (solid and liquid) causing pollution of land and water resources and aggravate the desertification problem. Intensification of agricultural production to meet urban demand for food lead to heavy, concentrated use of fertilizers and pesticides causing pollution of land and water resources. This along with the fast growing industrialization near urban centers add to the active desertification process (UNEP, 1999) . Efforts to control such rapid urbanization processes are numerous, but with limited success. However, the magnitude of the problem, its socio-economic impacts and the cost of mitigation need to be assessed.
Water demand and desertification
Desertification directly reduces the world's freshwater reserves (Table 2 ). It has a direct impact on river flow rates and the level of ground-water tables. The reduction of river flow rates and the lowering of ground-water levels leads to the silting up of estuaries, the encroachment of salt water into aquifers, the pollution of water by suspended particles and salinization, which in turn reduces the biodiversity of fresh and brackish water and fishing catches, interfering with the operation of reservoirs and irrigation channels, increasing coastal erosion and adversely affecting human and animal health. Lastly, desertification leads to an accelerated and often unbridled exploitation of underground fossil water reserves and their gradual depletion (Koohafkan, 1996) . Freshwater is the most precious and limited resource in many countries of the Arab Region. Freshwater resources are classified as renewable (surface and shallow groundwater) and nonrenewable (deep fossil ground-water). Rainfall is the major renewable water form in the region and amounts to about 2446 Bcm yr À1 (Table 7 ; ACSAD, 1996); most of it, however, does not contribute effectively to the wealth of the region as great part of it is lost by evaporation (high aridity) and/or runoff. Rainwater harvesting is yet to be exploited and needs proper assessment and appreciation of appropriate techniques. This would, in turn, help decrease wind and water erosion of land and hence decrease the rate of desertification.
Recent estimates of water resources in the region indicate that the total available natural water resources are 262?9 Bcm yr À1 , made of 226?5 surface and 36?3 groundwater, in addition to 11,874 Bcm of nonrenewable (fossil) ground-water (Table 7 ; ACSAD, UNESCO, 1990; . There is, however, great variability among the countries in their share of these water resources. The share in Bcm yr À1 renewable surface water ranges between 0?0 in Kuwait and Qatar to 60?48 in Iraq, while renewable ground-water ranges between 0?11 in Bcm yr À1 in Bahrain and 7500 Bcm yr À1 in Morocco (ACSAD, 1996) ; fossil water resources are very low in Lebanon (1?36 Bcm) compared to Sudan and Libya which possess 4000 Bcm each (ACSAD, 1990) .
The available per capita water share can be used to measure the severity of the water scarcity in the Arab Region and its development (Fig. 4) . In 1950, five countries of the region faced water scarcity. Currently, results show that 16 countries are suffering from chronic water scarcity (Engelman & LeRoy, 1993) . If rapid population growth and fast urbanization continue, the per capita availability of water is likely to be reduced in the Arab countries by about 50% by the year 2025. The increased use of fixed water resources in response to rising water demands is not only reducing its availability but also jeopardizing its quality, both having direct impact on accelerating the desertification process in the region. Furthermore, predictions made by UNESCO and ALECSO indicate that the water deficit in the region (the difference between renewable water resources available and demand) will be about 28?3 Bcm in the year 2000. This figure is expected to increase to 75?4 in 2030. Water shortages will certainly speed up the rate of desertification in the region, particularly in those Arab countries with larger deficit in freshwater, (i.e. Saudi Arabia water deficit 36?5 Bcm yr À1 in the year 2030, Egypt 32?2; Iraq 28?0; Sudan 18?0; Libya 14?4 and Syria 5?6). Unless appropriate alternative water policies are empowered and corrective measures are taken soon, the impacts of desertification will become catastrophic in most of the Arab countries. Technologies for mitigation are known and local and international experiences are available, however, proper assessment is needed, sustainable development plans are required and allocation of sizeable financial resources at national, regional and international levels should be given top priority in future development plans.
Food security and desertification
By impoverishing the natural potential of the ecosystems, desertification also reduces agricultural yields making them more unpredictable. Therefore, it affects the food security of the people living in these areas. The people develop a survival strategy to meet their most urgent requirements, and this, in turn, helps to aggravate desertification and hold up development. The most immediate and frequent consequence of these survival attitudes is the increased overexploitation of accessible natural resources. Lastly, desertification considerably heightens the effects of climatic crises (droughts) and political crises (wars), generally leading to migration, causing suffering and even death to hundreds of thousands of people worldwide. These consequences, in turn, weaken the economies of the countries affected by desertification, particularly when they have no other resources than their agriculture.
Intensification of agricultural on marginal lands
Subsistence farming and grazing were the main forms of agriculture prevalent on the arid lands of the Arab Region since time immemorial. By the middle of the last century, modern agricultural systems were introduced to meet increasing food and feed demand. Marginal lands and some rangelands were put under cultivation. Aridity, deforestation, overgrazing and the cultivation of field (cereals and forages), vegetables and fruit crops on rangelands have led to the deterioration of natural vegetation cover and accelerated desertification (Nahal, 1995) .
Mismanagement of rangelands in the Arab Region
Rangelands occupy about 509 million ha or about 35?6% of the total area of the Arab Region (Shorbagy, 1986; Table 8) and are the main form of vegetation cover (Batanouny, 1998) . The rangeland area varies with annual rainfall fluctuations. The plant cover of rangelands is characterized by low viability plant density and coverage, poor variety and plant productivity per unit area. The carrying capacity of these lands changes annually according to the varying rates and distribution of rainfall. Estimates of the annual productivity of animal feed of dry matter in kg ha À1 rangeland, range between 8 in Jordan and 1000 in Lebanon with an average of 276 kg ha À1 yr À1 in the Arab Region, while the total production of the dry matter from rangelands was estimated to be about 141 million ton yr À1 (Shorbagy, 1986) . It is estimated that about 70% of the rangelands have either deteriorated (50%) or been destroyed (20%); good rangelands occuping only 20%, and 10% of the total area of rangeland are in excellent condition (Shorbagy, 1986) .
In the past, nomadic tribes developed a number of forms of rangeland protection for sustainable use known as the 'Al-hema System' (protection system) which are historically among the oldest in the world (Batanouny, 1998) . However at present, out of the 509 million ha of rangelands in the Arab Region about 330 million ha suffer from severe desertification (64?8%) and 150 million ha (29?5%) have moderately deteriorated (Abdelgawad, 1997) . In other words, about 94% of the rangelands have been affected by desertification.
Causes of desertification of rangelands and their impacts
Drought, overgrazing and uprooting woody species for use as fuel, tillage and mismanagement of water resources are the principal causes of rangeland deterioration. Desirable range species have been slowly disappearing and several important medicinal forage plant species have been destroyed. More than 28% of grazing land in Saudi Arabia is deteriorating as a result of overgrazing, gathering of woody plants and dryland farming (Al-Khatib, 1974; Abdelgawad, 1997) . Moderate to severe land degradation affects more than 90% percent of the rangelands in Oman, Qatar, Iraq, Syria, Jordan, and Labanon (Al-Hassan, 1991; Al-Kuthairi, 1992; Shorbagy, 1986; UN-ESCWA, 1994 , Batanouny, 1998 Harahash & Tateishi, 2000) . Abdelgawad (1997) reported that 59?2% and 42?5% of the total area of rangelands were desertified in Sudan and Somalia, respectively.
Sheep density on some rangelands is more than one mature head per hectare, some four times the natural carrying capacity (Le Houerou, 1995 (UN-ESCAWA,1993) . This was made possible by heavily subsidized complementary feeding (Saudi Arabia, AlMutairi,1991) , and by facilitating drinking centers (Oman, Al-Kuthairi, 1992) , and transport for grazing animals. Dust storms, sand dunes, desert pavements and various forms of wind and water erosion follow (UNEP, 1999).
Deterioration of forests
Deterioration of forests in the Arab Region took several forms, namely, reduction of their areas, drop in the productivity of existing forests and loss of reproduction capabilities. Accurate estimates of forest areas in the region are not available or not complete. However, some examples can highlight the seriousness of the problem. It is estimated that the annual rate of change of forest areas in the region between 1990 and 1995 is À0?8% and varied from À0?2% in Somalia to À7?8% in Lebanon (FAO, 1997 (FAO, , 1999 . The productivity of the existing forests was also reduced; in Sudan, for example, 75% of forest productivity was lost. However, the economic value of the losses of both, area and productivity, need to be assessed. The devastating impacts on biodiversity and on social life of the local communities are obvious but no proper analysis is available so far.
Droughts, climatic changes and desertification
Droughts occur frequently in the areas affected by desertification, and are generally a feature of their natural climate. The relations between desertification and drought on the one hand, and the human influence on the other, are complex. Occasional droughts (due to seasonal or inter-year variations in rainfall) and long-term droughts covering wide areas are both caused or aggravated by the influence of man on the environment (the reduction in vegetation cover, the change in the Albedo effect, changes in the local climate, the greenhouse effect, etc.). But the degradation of land due to desertification has a serious compounding effect on drought, and thereby reduces the chances of the local people to cope with difficult periods (Hare, 1993) .
Climatic changes are both a consequence and a cause of desertification. The destruction of natural grass and woody vegetation cover in dry areas affects the topsoil temperature and air humidity, and consequently influences the movements of atmospheric masses and rainfall. Furthermore, the drying of the soils and the destruction of soil cover encourage wind erosion. Even though the cycles of drought years and climatic changes can contribute to the advance of desertification, it is mainly caused by changes in the ways man uses the natural resources, mainly by overgrazing, land clearance, overcropping and cultivation of marginal lands and uprooting of woody plants, and more generally using land in a way that is inappropriate for the local conditions. Human activities connected with agriculture, livestock and forestry production vary widely from one country and from one type of society to another, as do the strategies for land use and the technologies employed.
In many cases, traditional and durable rain-fed agricultural methods (food crops and alternating fallow) and ancestral pastoral practices are no longer suitable under present-day conditions. Strong demographic pressure has increased the demand on land resources, aggravated when cash-crop farming spreads to the detriment of subsistence farming of the rangelands by nomadic peoples. However, the impact of human societies on natural resources does not depend solely on the demographic density, and hence, the notions of 'load capacity' and 'critical threshold' must be handled with great care. Many examples demonstrate that these criteria can vary enormously, depending upon the strategies and the technologies used by the people.
Desertification also has consequences at the global level, primarily because of the influence on carbon exchange. A substantial amount of carbon stored in the vegetation in the dry zones, averaging about 30 ton ha À1 yr À1 (Koohafkan, 1996) , declines when the vegetation is depleted or disappears. Furthermore carbon-rich soils, which are frequently found in dry zones, store an important amount of this element (practically half the total quantity of carbon is stored in the organic matter in soil), the destruction of these soils has a very powerful effect on the carbon cycle and boosts the greenhouse effect as a result of the depletion of carbon (Koohafkan, 1996) .
Loss of biodiversity
Another consequence of desertification at the local and global level is the reduction in biodiversity, since it contributes to the destruction of the habitats of animal and plant species and micro-organisms. It encourages the genetic erosion of local livestock and plant varieties and species living in fragile ecosystems. It is extremely difficult to put a figure on this loss because of our inadequate familiarity with the features, the locality and the economic importance of the biodiversity of the dry zones. A substantial part of it, is still fairly unknown to scientists, even though some local people are still familiar with it. Reducing the biodiversity directly affects the food and health of the local people who rely on a large number of different animal and vegetable species. But it is also a loss to the whole of mankind. Many genetic strains of cultivated plants which form the basis of the food and health of the world's population originate from the dry zones; their disappearance can affect the possibility of producing plant-based medicines to combat specific diseases or epidemics (Koohafkan, 1996) .
It has been estimated that there are 300,000 -500,000 species of higher plants, of which about 250,000 have been identified or described worldwide. About 30,000 are edible and 700 have been cultivated or collected by humans for food during the history of mankind. Thus, several thousand species may be considered to contribute to food security. Today, only 30 crops deliver 90% of the world's caloric intake (e.g. rice, 26%; wheat, 23%; maize, 7%, and millet and sorghum, 4%, FAO, 1996) . In the Arab Region about 25,000 plant species, one-tenth of the recorded plants of the world, were recorded, indicating the importance of this region for the world genetic resources. Most of these species are endemic to the arid and semi-arid ecosystems and 25% of species are endemic to the Arab Region of which 10% are medicinal plants (El-Eisawi, 1998) . The region has lost thousands of plant varieties, strains and cultivars of vegetables and crops during the last decades, and 799 plant species are threatened to disappear from the region (Batanouny, 1996) . Many of the rich and diverse forms of small mammals and birds in the region are consequently threatened (Batanouny, 1996) . Despite the chronic situation and the importance of biodiversity in the region, the available data are inaccurate, incomplete and the economic impacts of biodiversity loss are not assessed.
Furthermore, desertification's destruction of vegetation may result in the loss of many critical flora species in arid and semi-arid nations. Additionally, desertification threatens fauna species by denuding critical habitats. For example, in Kuwait, desertification is one of the primary threats to several species of animals, including deer, Arab ostriches, baboons and several important apex predators (UNEP, 1997) .
Despite the fact that the people of the Arab Region have traditionally made sustainable use of their natural habitats and conserved biodiversity until recently F for example through the 'Al-Hema system' of rangeland protection and by prohibiting hunting during certain months of the yearF and their early efforts to screen for genetic improvement of cereals, sheep and Arabian horses as long as 10,000 years ago (Ucko & Dimbelby, 1969) , the present uses led to overgrazing, deforestation and extinction of several native plants and animals (Kingdon, 1990; Balonuet, 1990; Batanouny, 1996 Batanouny, , 1998 . However, no accurate statistics are available about the magnitude and the economic values of the losses on biodiversity and their habitats in the Arab Region.
Matrix of critical causes leading to desertification in the Arab Region
Since desertification is a long-term process Flong in terms of its development and impactF it is difficult to pinpoint its cause-effect relationships. It is also difficult for the general public to understand it, other than as an existing fact of life. The public usually perceives only the consequences of desertification, such as famine, dying herds and people. Because of its long-term nature and association with other more obvious or pressing problems, decision-makers have great difficulty addressing it as a problem. A matrix of critical issues leading to desertification in the Arab Region (Table 2) has been developed as a trial to highlight the above-mentioned forms (types) of desertification, the evidence of their presence, the causes and their impacts on land, water, biodiversity resources and on human life in the Arab Region.
The adverse impacts of the above-mentioned forms and causes of desertification are continuing at accelerated rates as a result of the pressures mentioned above. If the present policies in the different Arab countries continue, such processes of irreversible desertification will become widespread and the cost of importing food and combating desertification will become a real burden on the economy and the development of the Arab countries.
Cost of desertification and mitigation measures
UNEP calculated that between $ 150 and $ 600 billion would be needed to be spent over a 20 year period to halt further desertification of the world's 5?2 billion ha of drylands. However, it has been estimated that the direct annual income foregone due to desertification is $ 42?3 billion (Tolba et al., 1992) .The annual cost of preventative, corrective and rehabilitation measures combined are between 10?0 and 22?4 billion, less than half the costs (which do not include indirect and social costs that are difficult to calculate such as the destruction of human potential or the loss of biodiversity). In 1993, UNEP indicated that $ 10-12 billion was required annually to assist countries affected by desertification, although the total expenditure on desertification control had amounted to less than $ 1 billion in 1991. In 1980 it was estimated that the direct income lost due to desertification (income foregone) worldwide was about US $ 26 billion (Tolba et al., 1992) . Information about the losses due to desertification in the Arab Region are not available, incomplete and need verification if available for few locations in some Arab countries. Combating desertification is costly and tends to become more extensive each year if not undertaken immediately.
A 20 year programme of direct corrective and rehabilitation measures in desertified or moderately degraded drylands would have cost in 1980 about US $90 million. This figure has increased three-fold in an assessment made in 1990-1991 for only 30% of the drylands. The cost to combat desertification in the world drylands will be in the order of US $200-448 billion for a 20 year programme (UNEP, 1992) .
The cost to rehabilitate desertified and moderately degraded drylands in the Arab world needs to be assessed for all Arab countries. Such assessment is crucial to national development plans and should be based on the verified data on the present status of desertification, loss of land, biodiversity, economic revenues of different activities on desertified areas and loss of job opportunities. The urgency of such assessments are accentuated by the following factors:
K The time for action is running out as desertification expands threatening new areas in each Arab country and, while combating desertification measures tend to be long-term and time consuming.
K The cost of such actions escalates from year to year, as the areas affected increase annually, the magnitude of damage grows, and prices of rehabilitation measures rise, sometimes to prohibitive levels.
K Off-site and social costs of desertification continue to increase. K Other environmental and economic problems are competing and may distract the attention of decision-makers and donor organizations at regional and international levels.
K If the process of desertification is not arrested soon, food shortage in the region will increase dramatically, as well as the cost of food imports. The only well-documented information in the Arab Region estimates this increase to be US $4?8 billion in 1980 to US $23?3 billion in 1990 (FAO/RONE, 1994 .
Efforts to assess and combat desertification in the Arab Region
Efforts to assess and combat desertification are numerous at local, regional and international levels. One should appreciate all these efforts, especially those of the international organizations (UNEP, FAO, UNESCO, UNDP, WB, ICARDA), those of the regional organizations (UN-ESCWA, AOAD, ACSAD, CEDARE, ALECSO), and other organizations. At the local level there have been a number of scientific conferences and symposiums on desertification, e.g., Bahrain (1993) , Kuwait (1996 ), Saudia Arabia (2000 , and Dubai (2001). Success stories of combating desertification are recorded for several countries in the region; however, the achievements were limited to small areas, the approaches were in many cases neither integrative nor well financed and their impacts on the desertification problem were minimal. During the last two decades projects to prepare national plans of action to combat desertification (NPACD) for almost all countries of the region were developed by UNEP, UN-ESCWA, FAO, and other international organizations (UN-ESCWA, 1993). The NPACDs along with studies, research and training activities carried out by ACSAD, ICARDA, FAO, CEDARE and national and regional institutions aimed at improving utilization methods of the available natural resources in a way compatible with the principles of sustainability. However, by the end of this century and inspite of continuous efforts to combat desertification and mitigate the effect of droughts and desiccation, desertification is still one of the major environmental problems in the region.
There is a shortage of material, research results, pilot projects, and recommendations about the causes and impacts of desertification phenomenon and national and international action to halt its spread and reverse its processes. After more than three decades of planning and implementation in the Arab Region to date, evidence indicates that little has been achieved and actually desertification continues to intensify, and hence, aggravating the loss of land productivity and lowering its capacity to support the growing population. One should, therefore, raise the question: assuming that comprehensive efforts to combat desertification will succeed, would we be able to meet the human carrying capacity in the Arab Region? This question, although outside of the domain of the present paper, is of great importance and worth thorough investigation.
Limitations
Despite the intensive efforts to combat desertification and drought in the Arab Region, the problem is continuing to be on top of the agenda of all concerned institutions at national, regional and international levels. Constraints that hinder the reversal of the desertification processes are mainly due to the lack of:
K Adequate and validated information on the different aspects of the problem. K Integrated land-use plans and policies. K Well-identified sustainable development plans for desertified areas. K Appropriate integrated natural resource management policies. K Application of appropriate technologies for efficient land and water uses. K Allocation of financial resources. K Active awareness campaigns. K Neglect of local stakeholders (local communities and nomadic groups). K Targeted appropriate training on assessment and mitigation of desertification.
Future outlook
The problem of desertification is manageable, in principle, as can be seen by numerous examples of achievements given for several Arab countries, although they were limited to certain aspects of desertification and to some locations. Improvement of irrigation systems and water management practices, introduction of new advanced technologies into rain-fed agriculture, improvement of rangeland management and animal husbandry technologies, fixation of shifting sands and reforestation of denuded lands, conservation and sustainable use of biodiversity, and provision of new alternative employment of local people all were successfully achieved in several locations in some Arab countries and proved their technical feasibility. Extending these achievements at the national level, however, need political will and economic resources with due consideration given to social aspects of the development process in order to be effective and sustainable. Such actions are badly needed and require adequate and accurate information in order to prepare well-identified action plans for combating desertification, accurate assessment of the affected resources, the economic losses due to desertification, the real cost to mitigate and the revenues of desertification programmes.
The indigenous experience and successful efforts in the Arab Region to combat desertification as well as the enormous research findings gathered during the last four decades about effective technologies, techniques and approaches to improve productivity of natural resources call for collective and co-ordinated work at the level of the Arab Region to:
K Identify the magnitude of the different causes for desertification and evaluate the actual implications on natural resources in the different Arab Countries.
K Assess the economic losses and cost of mitigation based on real successful trials, which are applicable to similar localities in Arab countries.
K Survey the indigenous and new modern technologies for combating desertification in the region.
K Establish a regional database for desertification in the Arab countries capable of providing efficient services to all countries in the region.
This task can be achieved through the commitment of national and regional research institutions and authorities in the Arab region with support (technical and financial) of the international bodies concerned with the desertification problem.

